WHAT'S KNOWN ON THIS SUBJECT: The World Health Organization estimates that ∼700 million children breathe tobacco smoke polluted air, particularly at home. Educational strategies either directly or indirectly targeting household decision-makers through other family members are effective in reducing children' s exposure in private homes.
Secondhand smoke (SHS), a complex mixture of gases and particles that contains many carcinogenic and toxic compounds, 1,2 results from tobacco smoking indoors. The US Environmental Protection Agency has classified tobacco smoke as a known human carcinogen, with no safe level of exposure. 3 The scientific evidence is clear that SHS exposure causes diseases in adults and children. Children' s exposure is involuntary and primarily occurs through adults smoking in places where children live and play.
Given that .1 billion adults worldwide smoke, the World Health Organization estimates that ∼700 million, or almost one-half of the world's children, breathe air polluted by tobacco smoke, particularly at home. 4 In children, SHS exposure leads to reduced birth weight, lower respiratory tract illnesses, chronic respiratory symptoms, middle ear disease, and reduced lung function. 5 The large number of children exposed to SHS suggests a substantial public health threat worldwide.
Armenia has high rates of tobacco use (63.0% of men; 2.0% of women), with the majority of households (82.2%) having at least 1 smoker. 6, 7 Approximately 70.0% of households do not have any restrictions on smoking. 8 The World Health Organization recommends legislation and education to protect children from SHS exposure. 9 However, legislation is of limited value in reducing exposure in private homes, and educational strategies, including education about the risks to children from SHS exposure and steps to eliminate exposure, are suggested to be more effective in these settings. Educational programs must strategically target household decision-makers, either directly or indirectly through other family members. 4 Randomized studies of culturally appropriate tobacco-related interventions, particularly SHS reduction interventions, are rare. Although certain generic approaches may be effective, many agree that an intervention approach that takes into consideration cultural attitudes, norms, expectations, and values would be more likely to increase acceptance and adoption of the program and improve its effectiveness. 10 The goal of the current study was to test the hypothesis that an intervention which uses motivational interviewing along with immediate feedback and follow-up counseling telephone calls would be effective in educating household members about the health hazards of smoking and SHS exposure and reducing children' s exposure to SHS in households in Armenia.
METHODS

Study Design
The study was a randomized controlled trial with 2 arms (intervention and control groups) conducted from May 2010 to November 2010 (Fig 1) . A pilot study of 10 households preceded the clinical trial to test the recruitment strategy, study protocols, and instruments and to finalize intervention strategies.
Study Population
The sample population included households with a nonsmoking mother and at least 1 child 2 to 6 years of age residing with at least 1 daily smoker. The study targeted homes with young children for whom the major source of exposure to tobacco smoke was smoking by parents or other household members. 4 The exclusion criteria were mother' s pregnancy and residency outside of Yerevan.
The study team recruited the households through pediatrician' s offices in polyclinics (primary health care facilities) by using multistage random sampling. First, the study team randomly selected 10 polyclinics from the list of 19 providing services to the population of Yerevan, the capital city of the Republic of Armenia. At each polyclinic, the study team selected 5 pediatrician offices (those that were open at the time of the study) and randomly selected medical records of children aged 2 to 6 years. The study team recruited 5 eligible households from each pediatrician.
Interviewers telephoned each household selected to check for eligibility, provide information about the study and its procedures, and arrange the first home visit upon oral consent. The 250 households recruited were assigned random numbers from 1 to 250; households with odd numbers were included in the intervention group (intensive intervention) and those with even numbers were included in the control group (minimal intervention). Study participants were unaware of their assignment status.
Data Collection
Trained interviewers made 2 baseline visits (1 week apart) and two 4-month follow-up household visits to conduct measurements, surveys, and the intervention ( Fig 1) . Measurements included hair samples from children to assess changes in nicotine concentration over time; this biomarker is a validated method to quantify personal uptake of nicotine. 11, 12 Given that each centimeter of hair reflects ∼1 month of exposure to SHS, a small sample of hair (∼30-50 strands, 2-3 cm) was cut near the hair root from the back of the scalp where there is the most uniform growth pattern between individuals; this method minimizes the variability of the results. 12 Surveys were conducted among nonsmoking mothers and 1 of the daily smokers in each household. The first choice was the father, if he was a daily smoker. If the father did not smoke, the counseling was conducted with 1 of the household smokers who spent more time with the child at home. The interviewer-administered questionnaire required ∼15 minutes to complete and covered demographic information, knowledge about health hazards of SHS, and household smoking-related practices. The instrument was adapted from the Global Adult Tobacco Survey: Core Questionnaire With Optional Questions. 13 The study team translated the questionnaire into Armenian and pretested it during the pilot phase.
Intervention
The intervention included an in-person counseling session with the nonsmoking mother and at least 1 daily smoker in each household, with distribution of a tailored educational brochure and demonstration of measurement of indoor particulate matter (PM 2.5 ) (at second baseline visit); it also included 2 follow-up counseling telephone calls 1 and 2 months after the initial session. The intervention was based on the motivational interviewing technique, which is a directive, client-centered counseling technique for eliciting behavior change that has been shown to be effective in smoking cessation and SHS reduction interventions. [14] [15] [16] The control group received only a brief educational leaflet on the hazards of SHS developed by the US Environmental Protection Agency. 17 
In-person Counseling Session
The study team provided counseling on eliminating child exposure to tobacco smoke to at least 1 daily smoker and to the mother in the household. The counseling session emphasized the following issues: (1) importance of a healthy environment at home; (2) health dangers of smoking and exposure to SHS; (3) why and how to quit smoking; and (4) how to keep home air smoke-free. At the end of the 40-minute counseling session, each family received a tailored and culturally adjusted educational brochure developed by the study team.
Demonstration of PM 2.5 Pollution
The study team measured the PM 2.5 in the air by using the TSI AM 510 Aerosol SidePak 18 to compare the quality of indoor air with outdoor air and demonstrate the effect of smoking on indoor air quality in the intervention households. After completing the PM 2.5 measurement, the interventionist immediately downloaded the data to a laptop to visualize the results through graphical presentation of the PM 2.5 fluctuations for immediate feedback (Fig 2) . Feedback, as part of an intervention, has been extensively used in health promotion, particularly for addictive behavior change. 19 Demonstration of the indoor PM 2.5 pollution was a riskbased personalized feedback requiring less effort from participants to make the information personally relevant.
Follow-up Counseling Telephone Calls
Interventionists made 2 follow-up counseling telephone calls to nonsmoking mothers at 1 and 2 months after the inperson counseling session. These calls aimed at: (1) assessing the progress in meeting the goals set earlier; (2) counseling on barriers to change; and (3) encouraging study participants to maintain progress made or to set new goals. These calls also provided an opportunity to ask questions or clarify issues.
Sample Size Calculation
The sample size calculation was based on data from an earlier study. 20 Using the formula for comparison of 2 groups of equal size and assuming a type I error of 0.05 to detect a 30% reduction in hair nicotine concentration in the intervention group and a 10% reduction in the control group, 62 households were needed in each group to detect the hair nicotine concentration changes with 80% ARTICLE PEDIATRICS Volume 132, Number 6, December 2013 power. 21 Adjusting for 10% potential refusal to provide hair samples and 40% potential losses to follow-up, the study estimated the sample size to be equal to 250.
Data Analysis
The data were analyzed by using Stata version 10 (Stata Corp, College Station, TX). The study team compared the baseline and follow-up measurements in both groups by using paired t tests for comparison of continuous measures and McNemar' s test for paired proportions. The primary outcome variable was child's hair nicotine concentration. Self-reported household smoking restrictions, frequency of smoking in the presence of the child, and participants' knowledge scores were the secondary outcomes. We assessed the respondents' knowledge by asking whether smoking or SHS caused a list of health conditions, with 1 point for each correct answer. The knowledge score was calculated as the sum of all scores on the knowledge questions.
Time-weighted average of hair nicotine was assayed at the Exposure Assessment Facility at Johns Hopkins Bloomberg School of Public Health. 20 The skewed hair nicotine concentration data were log-transformed for statistical analysis. In addition, to compare hair nicotine concentrations at baseline and follow-up, we estimated the geometric mean (GM) and 95% confidence intervals of the hair nicotine concentrations.
The study team also compared the change in the outcome variables from baseline to follow-up between the intervention and control groups by using multiple logistic and linear regression models. The follow-up measurements were considered as dependent variables, baseline measurements and other potential confounders as independent variables, and the intervention as the main dichotomous independent variable of interest.
The study used an intention-to-treat approach during statistical analyses to avoid the drop-out effect by imputing all the missing follow-up data with their baseline values. 22 
Ethical Considerations
The institutional review boards of Johns Hopkins Bloomberg School of Public Health and American University of Armenia approved the study.
RESULTS
Participants' Recruitment and Retention
More than one-half of the contacted households (58.2%) were not eligible for participation, 30.3% refused to participate (most of them refused before the eligibility criteria screening), and 0.7% agreed but were not available for baseline data collection. Overall, 250 households were enrolled in the study, and 250 mothers and 230 smokers participated in the baseline survey. At baseline, 173 households agreed to provide hair samples from their child (83 intervention, 90 control). Of 244 households eligible for the follow-up Example of the graphical presentation of the PM 2.5 measurement taken from an intervention household. measurement, 224 completed the study (110 intervention, 114 control) (Fig 3) . Among them, 137 households (67 intervention, 70 control) provided their child' s hair samples at follow-up, and the remaining were treated by using an intention-to-treat approach. Comparison of sociodemographic characteristics between those who completed the study and those who dropped out did not reveal any significant differences.
Participants' Characteristics
The mean 6 SD age of nonsmoking mothers was 30.0 6 5.2 years. Almost one-half (53.6%) were employed, and more than one-third (36.3%) had graduated with a university degree. The mean age of smokers was 38.2 6 11.4 years, and the overwhelming majority (81%) were the children' s fathers. Approximately 31.3% of smokers had a university degree, and 72.1% were employed over the past 12 months. The mean age of children was 4.0 6 1.2 years, and 49.1% were girls. Demographic characteristics of participants were similar in the intervention and control groups ( Table 1 ). Table 2 presents the summary of the hair nicotine concentrations at baseline and follow-up. The GM of hair nicotine levels of control group children at baseline and follow-up was 0.29 ng/mg and 0.27 ng/mg, respectively (P = .613). For the intervention group, GM decreased from 0.30 ng/mg to 0.23 ng/ mg, and this 23.3% decrease was statistically significant (P = .024).
Children's Hair Nicotine Concentration
Multiple linear regression analysis demonstrated that after adjusting for the baseline hair nicotine concentration, child' s age, and child' s gender, the follow-up GM of hair nicotine concentration was 17% lower in the intervention group compared with the control group (P = .239) ( Table 3) .
Smoking Practices in Households
At baseline, there were 1.5 6 0.8 smokers in each household smoking a mean of 25.5 6 11.5 cigarettes per day.
Smoking was allowed in all households, with some restrictions in approximately one-half of homes. According to mothers, 5 (4.5%) intervention households and 6 (5.4%) control households completely banned indoor smoking at followup. In addition, 5 (4.5%) smokers in the intervention group and 1 (0.9%) in the control group have reportedly stopped smoking at follow-up. Table 4 presents the proportion of households with smoking restrictions at baseline and follow-up. Based on mothers' report, the odds of having any smoking restriction at follow-up was statistically significantly higher than at baseline in both the intervention (odds ratio [OR]: 4.67) and control (OR: 3.14) households. According to the smokers, the increase in the proportion of households with smoking restrictions at follow-up was statistically significant only in the intervention group (OR: 2.62). At follow-up, mothers and smokers in both groups reported statistically significantly less exposure of children to SHS ( Table 5 ).
Multiplelogisticregressionanalysisfound that, based on mothers' report, at followup the adjusted odds of child' s less-thandaily exposure to SHS was marginally significantly higher in the intervention group compared with the control group (OR: 1.87, P = .077) ( Table 6 ).
Knowledge About Hazards of Smoking and SHS
Paired analysis of knowledge scores revealed that the knowledge of intervention and control group participants increased significantly from baseline to follow-up. The mothers' mean knowledge score increased from 9.5 to 11.3 in the intervention group and from 9.8 to 10.5 in the control group. Among smokers, it increased from 7.1 to 8.6 and 7.1 to 7.9, respectively. Linear regression analysis suggests that the GM of the mothers' knowledge score at follow-up was 10% higher in the intervention group compared with control group, after controlling for baseline knowledge score (P = .006).
DISCUSSION
Protecting children from SHS exposure at homes is a complex and sensitive issue and has many social and political implications; hence, it is difficult to monitor and regulate people' s behavior at home. 23 There is a large disparity between male and female smoking rates in Armenia, which poses an additional unique challenge for protecting young children from tobacco smoke in similar societies. This study was the first clinical trial in Armenia designed to develop and test a culturally appropriate intervention to encourage implementation of smoke-free homes and reduce children' s exposure to SHS.
The results of this trial suggest that adjusted follow-up GM of hair nicotine concentration in the intervention group was 17% lower compared with the control group. However, this difference was not statistically significant, which could be due to insufficient power, as fewer numbers of families provided hair samples at follow-up. The comparison of children' s hair nicotine concentration at baseline and followup revealed statistically significant decreases only in the intervention group.
A higher proportion of households at follow-up in both groups had smoking restrictions and decreased smoking next to the child. Mothers reported marginally significantly less daily exposure of children to SHS in the intervention group than in the control group. Knowledge score improved in both the intervention and control groups; ARTICLE PEDIATRICS Volume 132, Number 6, December 2013 however, improvement of the mothers' knowledge score was statistically significantly higher in the intervention group only.
Some of the observed changes in both groups might have been prompted by participation in the study, focusing on children's exposure to SHS at homes. 24 Moreover, other researchers have also reported difficulties in detecting the true difference between groups when the control Flow of participants. group receives a low-intensity intervention. 25 The current study evaluated the effectiveness of an intervention package that included PM 2.5 measurement at home to demonstrate the effect of smoking on indoor air quality in the intervention households. PM 2.5 measurement does not require laboratory analysis as do passive air and hair nicotine measurements, and it allows an immediate personalized feedback to household members. Several other studies that provided feedback to parents, such as levels of air nicotine in the home or biochemical markers of SHS exposure as part of the intervention, were effective in SHS reduction and smoking cessation. 19, 26 A pilot study by Wilson et al 26 provided information to 54 participants about PM 2.5 levels in their homes and suggested that personalized data could make the concept of SHS dangers more real to participants than if they had merely heard or read about it.
A number of studies have investigated methods to reduce children's SHS exposure by targeting parental smoking behavior change or smoking cessation. Some of them demonstrated success through decreased children's SHS exposure measured according to self-reported parental smoking, [27] [28] [29] [30] reduced levels of air nicotine concentrations, 15, 28, 30 or reduced urine cotinine assays. 10, [27] [28] [29] The current study used participants' self-reported and biochemical (hair nicotine) measures for outcome analysis. Hair nicotine concentrations provide better information on long-term SHS exposure than biomarker measures in urine, saliva, or serum because of the shorter half-life of the latter biomarkers. 12 Studies investigating the correlation between self-reported and objective measures demonstrated that self-reported exposure to SHS may be both a valid and reliable measure to characterize SHS exposure. 28, 31, 32 Adams et al 33 suggested that parallel biological or environmental measurements and anonymity of the survey enhance the accuracy of self-reported measurements. We targeted both nonsmoking mothers and smoking family members of the household (mainly children's fathers) to increase the likelihood of smoking behavior change in the household, considering that the majority of households in Armenia (75%) make joint decisions regarding health-seeking behavior. 6 This study was a single-blind trial: the participants did not know whether they were assigned to the intervention or control group; they were also blinded to the study hypothesis and details of the intervention and control group procedures, which minimized the possibility of differential reporting regarding the outcome variables. 34, 35 Seasonal variations were shown to affect the level of indoor SHS exposure in earlier studies. 23 The current study conducted measurements in late spring and early autumn (with similar weather conditions) to adjust for seasonal fluctuations in indoor smoking behavior; therefore, we had to limit the follow-up period to 4 months. However, this limited time interval does not allow for evaluation of longer-term effects of the intervention.
This intervention was not designed to achieve smoking cessation; however, a few smokers did quit. Several studies have shown that strategies which target SHS reduction may indirectly lead to smoking cessation. 10, 23, 28, 36 The metaanalysis of published controlled trials found that interventions targeting children had tangible potential for modification of parental behavior, including parental smoking cessation rate. 37 The findings of this study emphasize the importance of motivational interviewing and providing immediate personalized feedback for addictive behavior change. They could be relevant not only for Armenia but other countries, particularly former Soviet Republics with similar rates of smoking and high exposure to SHS, and for other countries with large disparities in male/female smoking rates. This intervention can be tested in other settings. In Armenia, pediatricians and pediatric nurses are required to make 2 home visits to newborns. Moreover, monthly wellcheck visits to primary health care clinics are covered by the state for infants aged ,1 year. Such a system 
CONCLUSIONS
This study demonstrated that in-person counseling, along with provision of immediate personalized feedback and follow-up counseling telephone calls, was effective in decreasing children' spersonal exposure to SHS. In addition, it more effectively educated nonsmoking mothers about the health hazards of SHS and promoted smoking restrictions at home than providing an educational leaflet alone. The superiority of intensive intervention over the minimal intervention was not statistically significant; there is a need for a cost-effectiveness evaluation to justify implementation of the intensive intervention or to test its effectiveness in other settings.
